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XXvlI .*  REACTION OF 2-ARYLANTHRAQUINONETRIAZOLES 

WITH AMINES 

M. V. G o r e l i k  a n d  M. S. K h a r a s h  UDC 547.673'791.9 

The act ion of p r i m a r y  and secondary  amines  on 2-a ry lan thraquinone t r iazo les  resu l t s  in sub-  
st i tut ion of the hydrogen a tom in the 4 posi t ion to f o r m  4-amino der iva t ives .  The act ivi ty 
of 2 -a ry lan th raqu inone t r i azo les  in aminat ion  is l e s s  than that of the p rev ious ly  studied an-  
t h r aqu inone - l , 2 , 5 -X-d i azo l e s  (X=O, S, Se). This is explained by the e lec t ron-donor  effect  of 
the ary l  group in the 2 posi t ion and the lower  degree  of a l te rna t ion  of the bonds in the r ing 
adjacent  to the he te ro r ing ,  which leads  to a dec r ea se  in the ef fec t iveness  of t r a n s m i s s i o n  
of the e l e c t r o n - a c c e p t o r  effect  to the reac t ion  center  in the 4 position. 

In previous  communicat ions  [2-5], it was demons t ra ted  that,  under the influence of a condensed h e t e ro -  
r ing,  anthraquinonediazoles  I - I I I  display an unusual (for the 9,10-anthraquinone se r i es )  tendency for  nucleo- 
phil ic addit ion reac t ions .  S imi lar  r eac t iv i ty  might  have been  expected for  2 -a ry lan thraquinonet r iazo les  IV, 
which a r e  s t r uc tu r a l l y  s i m i l a r  to quinones I-III .  
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2-Ary lan th ra [ I , 2 -d ] t r i azo l e -6 ,11 -d iones  (IV) have been  patented as vat dyes [6,7], but the i r  chemical  
p r o p e r t i e s  have not r ece ived  specia l  study. Quinones IV were  synthes ized  by a known method - the coupling 
of 2 -aminoan thracene  with diazonium sa l t s ,  the cycl izat ion of the 1 - a r y l a z o - 2 - a m i n o a n t h r a c e n e s  (V) by the 
act ion of copper  sulfate  [8], and subsequent  oxidation of the 2 -a ry lan th ra [1 ,2 -d ] t r i azo les  (VI) by chromic  
acid [7]. We obtained some  of the anthraquinonet r iazoles  (IV) via a different r o u t e -  by azo coupling of su l -  
fate e s t e r s  of 2-aminoanthrahydroquinones  (VII) [9], subsequent  convers ion  of the products  to l - a r y l a m i n o -  
2-aminoanthraquinones  (VIII), and final t r e a t m e n t  with chromic  anhydride. This method is convenient for  
the synthes is  of 2 -ch loroan thraquinone t r iazo les ,  s ince the sulfate  e s t e r  of 3 - ch lo ro -2 -aminoan th rahyd ro -  
quinone is the in te rmedia te  used in industry.  (See scheme  an following page.) 

We found that  anthraquinonet r iazoles  IV, l ike anthraquinonediazoles  I - I I I ,  undergo d i rec t  amination. 
Quinones IV a re  d i rec t ly  conver ted  to 4 -amino  der iva t ives  IX on heating with sufficiently bas ic  p r i m a r y  and 
secondary  al iphat ic  or  he te rocyc l i c  amines .  The introduction of sodium amide,  which inc reases  the nucleo-  
phil ici ty of the reagen t  owing to the fo rmat ion  of sodium a ry lamide ,  is n e c e s s a r y  when the reac t ion  is c a r r i ed  
out with a r o m a t i c  amines .  

The identical c h a r a c t e r  of the subs tances  obtained f r o m  2-phenylanthraquinonetr iazole  (IVa) and f rom 
its 4 -ch loro  der iva t ive  on reac t ion  with cyclohexylamine (IXa) or  with morphol ine  (IXb) consti tutes evidence 
for  the d i rec t ion  of the amination.  The locat ion of the amino group in the anthraquinone ring in the fi pos i -  

*See [i] for communieationXXVl. 
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tion is also confirmed by the absence in the IR spec t rum of the cyclohexylamino derivative (IXa), which con- 
rains a secondary  amino group, of the splitting of the band of the carbonyl vibrations (~ C-~ 1670 cm -1) that 
is charac te r i s t i c  for ~-a lkyl -  and ~-arylaminoanthraquinones  [10]. 

The yields of the amino derivatives obtained by heating in the amine in an inert  a tmosphere  (argon) 
are  ~ 50% but increase  to 90-92% when a i r  is passed through the react ion mixtures .  The initially formed 
product  of the additionof the amine to the anthraquinonetr iazole is apparently oxidized by the s tar t ing qui- 
none, which is reduced to the correspeonding hydroquinone (X) and subsequently regenera ted  by air  oxida- 
tion. 2-Phenyl -6 ,11-dihydroxyanthra t r iazole  (X, R =H), which is obtained by the reduct ion of IVa with s tan-  
nous chloride,  is, in fact,  oxidized rapidly to the quinone in amines and alkaline solutions. The difference 
from anthraquinonedlazoles I-III ,  in which amination proceeds in high yields without the part icipat ion of a ir  
oxygen with profound destruct ion of a portion of the s tar t ing quinone [2-4], is due to the high res i s tance  of 
the 1,2,3- t r iazole  ring to the action of reducing agents as compared  with the rings of 1,2,5-X-diazoles (X = 
O, S, and Se). 

The kinetics of the nucleophilic substitution of halogen in the corresponding 4-chloro  derivatives (XI) 
were  studied for  a quantitative compar ison  of the activating effect of a he teror ing  in 2-arylanthraquinone-  
t r iazoles  IV and anthraquinonediazoles I-IIL 

It is known that a halogen in the fi posit ion of anthraquinone is usually only slightly labile. At the 
same t ime, replacement  of a halogen atom by an amine res idue in heterocycl ic  quinones XI is readi ly  accom-  
plished in solutions, even at 20~ The 4-ch loro-subs t i tu ted  XI a re  a r ranged  in the o rder  O >>S > Se > NC~H 5 
with respec t  to the magnitude of the ra te  constant as a function of the central  heteroatom X (Table 1). 

The react ivi t ies  in a group of anthraqu[none- l ,2 ,5-X-diazoles  increase  symbat ical ly  with increasing 
electronegat ivi ty  of the X heteroatom,  but the activi ty of 2-phenylanthraquinonetr iazole is less than might 
be expected f rom the high electronegat ivi ty  of ni t rogen as compared with sulfur or selenium [11]. 

One of the reasons  for  the lower activity of 2-arylanthraquinonetr iazoles  IV is the e lec t ron-donor  ef- 
fect  of the phenyl group in the 2 position. The cha rac te r  of this effect follows f rom an examination of the 
e lectronic  spec t ra  of 2-phenylanthraquinonetr tazoles IV that contain substituents in the ortho and para  pos i -  
tions of the phenyl ring. 

The presence  of an e lec t ron-donor  substituent in the para  posit ion of the phenyl ring causes a batho-  
chromic  shift of the long-wave band, the magnitude of which (see Table 3) cor re la tes  with the electrophil ic  
~n + constants in accordance  with the equation 

v~a~ = 26570 + 28 t 6. (I n + C1TI-1 (n = 5, r = 0.995, s = 111 cm-l ). 

ThiS so r t  of picture corresponds  to the behavior  of p,p ' -d lsubst i tu ted benzenes that contain a fixed e lec t ron-  
acceptor  substituent [12], the role of which in this case is played by the anthraquinonetriazole ring. Sub- 
stituents in the ortho posit ion of the phenyl r ing have a different effect, in that, r egard less  of their  cha r -  
acter ,  they shift the absorpt ion band to the shor t -wave  region. Thus a methoxy group, which leads to a 
bathochromic shift of ~ 30 nm in the para  position, shifts the maximum by ~ 30 nm to the opposite side in 
the ortho position. An acceptor  substituent (a nitro group, for  example) causes a considerably l a r g e r  shor t -  
wave shift in the ortho position than in the para  position (see Fig. 1). A s imi la r  or tho-subst i tuent  effect is 
caused by s te r ic  hindrance to coplanar orientation, as a resu l t  of which, the phenyl group is turned about 
the C - N  bond, and its donor effect is reduced. 
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TABLE 1. Rate Constants for  the Pseudo-Monomoleeu la r  
React ion of 4-Chloro-Subs t i tu ted  Quinones (XI) with Morpho- 
l ine in Dimethy l fo rmamide  at 20 ~ C 

o NIi--x 

H O xl 

X ~ .  102,sec  -1 Relative 
r a t e  

O 
S 
Se 

NC6H5 

180 
8,60 
5,10 
1,05 

>150 
82 
4,8 
1,0 

TABLE 2. Rate Constants of the Pseudo-Monomolecu la r  Re-  
act ion of 4- C h loroanthraquinonet r iazoles  XII with P iper id ine  in 
Dioxane at  20 ~ C 

o N__ N_ ~"~.~ R ~  R ~. 103, sec-1 Relative rate 

~ ~ 1  H 4,50 1,0 
IJ p-OCHa 2,61 0,58 
O xl| p-CHa 3,10 0,70 

p-NO2 12,60 2,8 
o-NO2 22,70 5,0 

~9~ I As the donor effect  of the phenyl group weakens,  the ra te  of nueleo- 
5.0 phil ie  subst i tut ion of the chlorine in the 4 posi t ion of the phenylanthra-  

"'k. quinonetr iazole  inc reases .  Owing to the super impos i t ion  of the s t e r i c  
,-',.'N ._. effect ,  the introduction of a ni tro group into the ortho posi t ion a c c e l e r -  

4,0 ' ~ x x  \.~ \ .  a tes  the reac t ion  to a g r e a t e r  degree  than in the pa ra  position; however ,  

"i\ the introduction of a donor subst i tuent  into the pa ra  posi t ion reduced the 
r eac t ion  ra t e  (Table 2). \ 

3,0 ~ \~ \ ,  \ ~  When an amino group is incorpora ted  into the 4 posi t ion of the 
r ing of 2-phenylanthraquinonet r iazoles ,  a new band corresponding to 

~00 4oo 200 A.nm in t r amolecu la r  t r a n s f e r  of e lec t ron  densi ty f rom the amine ni t rogen to 
the r ing (2pzr*  transi t ion)  in anthraquinone der iva t ives  [13, 14] appears  

Fig. 1. Absorp t ion  s p e c t r a  in the vis ible  region.  The effect  of subst i tuents  in the phenyl r ing of 4-  
(in ch loroform):  1) 2-phenyl -  amino der iva t ives  IX is l ess  than in the s ta r t ing  anthraquinonetr iazoles  
an th ra [1 ,2 -d ] t r i azo le -6 ,11-  and opposite in sign: donor subst i tuents  induce shor t -wave  shif ts ,  while 
dione (IVa); 2) 2- (4-methoxy-  accep tor  subst i tuents  induce long-wave shifts.  Inthis  case ,  the 2-phenyl-  
phenyl )an thra [1 ,2-d] t r iazo le -  anthraquinonet r iazole  r ing as a whole,  including the phenyl group,  acts 
6,11-dione (IVg); 3) 2 - (4 -n i -  as an e lec t ron  acceptor .  

t rophenyl )an thra[1 ,2-d] t r i -  The nucleophilic subst i tut ion of halogen is f a r  f r o m  being a com-  
azole-6 ,11-d ione  (IVb); 4) 2-  

plete  model  for  the m o r e  complex nucleophilic addition, which leads to 
(2-ni t rophenyl)anthra[1,2-d]-  r e p l a c e m e n t  of a hydrogen atom. The di f ferences  in the reac t iv i t i e s ,  
t -r iazole-6,11-dione (IVc). which a re  due to the nature of he te roa tom X, a re  considerably  g r e a t e r  

for  unsubst i tuted quinones I - IV than for  4 -eh loro  de r iva t ives  XI, 
2 -Ary lan thraquinone t r iazo les  IV requ i re  much m o r e  s e v e r e  conditions for  the i r  aminat ion  and do not under-  
go m o s t  of the o ther  reac t ions  with nucleophilic agents that a r e  cha r ac t e r i s t i c  for  anthraquinonediazoles 
I-III .  The p r e s e n c e  of an a ry l  group in the 2 posi t ion is apparen t ly  not the only and probably  not the chief 
r e a s o n  for  the lower  act ivi ty  of 2 -a ry lan th raqu inone t r i azo les  IV as compared  with anthraquinonediazoles 
I-III .  

The inc reased  r eac t iv i ty  of the 4.-position of quinones I-IV for  nueleophilic a t tack  depends not only on 
the e lec t rophi l ic i ty  of the grouping that exer t s  an e l e c t r o n - a e c e p t o r  effect  but also on the effect ivness  of the 
t r a n s m i s s i o n  of this effect  to the reac t ion  center .  The inc reased  e lec t ronic  conductivity of anthraquinone-  
diazoles I - I I I  is due to the p r e s e n c e ,  in the r ing adjacent  to the he te ror ing ,  of a pa r t i a l ly  loca l ized  dienic 
s y s t e m  [15], the exis tence  of which is a t t e s ted  to by m e a s u r e m e n t s  of the bond lengths in anthraquinoneoxa-  
diazole I and also by m e a s u r e m e n t s  of the bond lengths [16] in benzothiadiazole XIII  and benzose lenadiazole  
XIV. The in te ra tomic  dis tances  in benzo t r i azo les  w e r e  not de termined,  but the dis tr ibut ion of the bonds in 
them can be judged on the bas i s  of an ana lys i s  of the PMR spec t r a  [17]. 
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TABLE 4. 4-Amino Derivatives of 2-Arylanthra[1,2-d]triazole-6, 
l l-dfones (IX) 

"_~. R R'R"NH 

yClOhXylamne 
b H Morpholine 

c Aniline 

d ?iperidine 

e ~-NOz !Piperidine 

f o-NO= )iperidine : 

g ~-CI  Hperidine 

h >C1 ~iperidine 

i )-NH= ~iperidine 

j ~-CHa ~iperidine 

k )-CHaO ~iperidine 

c~-CHaO ~iperidine 

244-- 
245 

284-- 
285 

205-- 
206 

252-- 
253 

289-- 
290 

270-- 
27t 

266-- 
267 

220-- 
221 

297-- 
298 

270-- 
271 

246-- 
247 

231-- 
232 

O IX 

= ~ Found, qo 
"~ ~ ~ Empirical -- N,I:I 

~ .9 formula E.Ea c H N 

510 C26H22N402 74,11 
(3,91) 
506 C24HjsN4Oz ]0,17 

(3,98)502 C26Ht6N402 74,53 
(3,87) 
532 C25H~oN402 73,47 

(3,95) 
542 C~HIgNsO4 166,42 
(3,98)538 C25HIgN~O4 66,20 

(4,15)(4'15) 530 C~sH]gCIN~O~I67,91 

528 C2~H~oC1~4402 68,0~ 

(4,07)522 C2sH2zNsO2 71,00 

(4,03)534 C26H~N40~ 74,07 

(4,06)532 C~HaN~Oa 71,44 

(4,05)(3,98)534 C2~H~eN~Oa 71,52 

5,38 13,40 ]73,91 

4,67 13,64170,23 

3,99 13,20J74,99 

5,01 13,58i73,51 

[4,28 15,38166,22 

4,48 15,71 ]56,22 

4,42 12,93 [67,80 

4,26 12,61187,80 

I 5,12 16,48170,90 

5,45 13,28173,92 

5,10 12,78171,22 

5,16 12,53171,22 

Caic., % 

5 25] 

4,42 

3,87 

4,94 

4,22 

4,22 

4,32 

4,32~ 

5,001 

5,251 

5,o61 

5,061 

N}> 

13,26185 

13,65] 87 

13,46 ] 70 

13,72192 

15,44176 

I5,44}88 

12,65191 

12,65190 

16,53150 

13,26174 

12,78] 81 

12,78] 80 

*Af te r  c h r o m a t o g r a p h i c  pur i f ica t ion .  

Ha 

X XlY x = S c ,  

~c / ~ "<N XV X=NCH a 
Ha 

Xll l  -XV 

The r a t io s  of  the s p i n -  spin  coupl ing cons tan ts  of the pro tons  of  the benzo id  r ing  in s y s t e m s  with equa l -  
i zed  bonds a r e  as  fo l lows:  J b c / J a b  =1,  and J a c / J a d  > 1. In s y s t e m s  with loca l i zed  s ingle  and double bonds ,  
J b c / J a b  ~ 0.5, and J a c / J a d  < 1. 2 - M e t h y l b e n z o t r i a z o l e  XV occupies  an  in t e rmed ia t e  pos i t ion  [17]: J b c / J a b  = 
0.72, and J a e / J a d  ~ 1, and the d i s rup t ion  of the un i fo rmi ty  of  the bonds in it is l e s s  than in benzo th iad iazo le  
XIII  ( J b c / J a b  =0.54) [18] o r  in be nz ose l e na d i azo l e  XIV ( J b c / J a b  =0.63) [19]. 

The l o w e r  d e g r e e  of a l t e rna t i on  of  the bonds ,  which is caused  by  the l ower  e l ec t ron ic  conduct iv i ty  of 
the r ing  ad jacen t  to the h e t e r o r i n g ,  a l so  l eads  to a d e c r e a s e  in the ac t iv i ty  of 2 - a r y l a n t h r a q u i n o n e t r i a z o l e s  
IV as c o m p a r e d  with an th raqu inoned iazo les  I - I I I  in nucleophf l ic  addi t ion r eac t ions .  

EXPE RIMENTAL 

2-Arylanthra[l,2-d]triazole-6,11-diones (IV). (Table 3). A) A solution of a diazenium compound, pre- 
pared by diazottzation of 0.03 mole of the appropriate amine in 20 ml of 15% hydrochloric acid, was added 
at I(YC to a solution of 5.85 g of 2-aminoanthraeene [20] in 300 ml of dioxane, and the mixture was stirred 
for 30 rain. The azo compound was isolated by the addition of 300 ml of 10% sodium aeetate solution to give 
85-98% yields of products. A solution of 0.02 mole of the azo compound in 60 ml of pyridine was added to a 
suspension of 15 g of copper sulfate in 60 ml of 50~ aqueous pyridine, and the mixture was refluxed for 2 h 
and diluted with 120 ml of water. The resttlting precipitate was removed by filtration to give pale-yellow 
needles (from ehlorobenzene) of the anthratriazole, which has pronounced blue fluorescenee in UV light. A 
total of 3 g of 70% chromic anhydride was added in portions with heating to a suspension of 0.06 mole of the 
anthratriazole in 60 ml of acetic acid, and the mixture was reflm~ed for 30 rain and cooled. The precipitate 
was separated to give 80-90% of light-yellow needles (from acetic acid) of quinone IV. 

4-Chloro-2-phenanthraquinonetriazole XIIa was similarly obtained from 3-chloro-2-aminoanthracene. 
To obtain 2-(4-aminophenyl)anthraquinonetriazole IVi, 6 g of stannous chloride was added to a suspension 
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of 0.002 mole of nitro compound IV in I00 ml of hydrochloric acid, and the mixture was refluxed for 20 rain 
and filtered hot. The yellow crystals of the hydrochloride were separated and treated with 5% ammonium 
hydroxide while air was bubbled through the system. The reduction of nitro compound IV with stannous 
chloride in glacial acetic acid gave yellow needles (from acetic acid) of 6,11-diaeetoxy-2-(4-acetamidophe- 
nyl)anthra[l,2-d]triazole with mp 329-330~ Found: C 66.47; H 4.47; N 12.04%. C26H20N405. Calculated: 
C 66.66; H 4.30; N 11.96%. This compound was then converted t9 quinone IVi by alkaline hydrolysis and 
oxidation. 

4-Acetamido derivative IVj was obtained as orange needles (from acetic acid) by the acetylation of 
amino compound IVi with acetic anhydride. 

B) A solution of 0.05 mole of the appropriate l-arylazo-2-aminoanthraquinone in 30 m_l of acetic acid 
was refluxed for 30 rain with 3 g of chromic anhydride and cooled. The resulting precipitate of the anthra- 
qulnonetriazole was reerystallized from acetic acid to give 60-70% of product. This method was used to 
obtain anthraquinonetriazoles IVa and XIIa-g. 

1-Arylazo-3-chloro-2-aminoanthraquinones. A solution of an arenediazonium salt, prepared by di- 
azotization of 0.01 mole of amine in 15 ml of 10% hydrochloric acid, was added to a solution of 0.01 mole of 
the dipotassium salt of the disulfate ester of 3-chloro-2-aminoanthrahydroqulnone and 2 g of potassium car- 
bonate in 50 ml of pyridine. A total of I0 ml of 30%hydrogen peroxide and 200 ml of hydrochloric acid were 
poured into the mixture, and it was refluxed until the solution was decolorized. The resulting precipitate 
was removed by filtration, washed with water, and ehromatographed in chloroform on aluminum oxide to 
give 50-70% of the azo compound. 

l-Phenylazo-3-chloro-2-aminoanthraqulnone. This compound had mp 214-215~ and Area x 447 nm 
(log e 4.24). Found: C 66.22; H 3.64; C1 9.68; N 11.54%. C20HI2CIN302. Calculated: C 66.40; H 3.40; Cl 
9.81; N 11.61%. 

l-(4-Nitrophenylazo)-3-chloro-2-aminoanthraquinone:. This compound had mp 269-270~ and Amax 
465 nm (log e 4.04). Found: C 58.93; H 2.94; C1 8.82; N 14.01%. C20HnCIN404. Calculated: C 59.05; H 
2.73; C1 8.72; N 13.77%. 

i- (4-1%~ethoxyphenylazo)-3-chloro-2-aminoanthraquinone. This compound had mp 193-194 ~ C and Imax 
460 nm (log e 3.79). Found: C 64.25; H 3.48; C1 9.07; N 10.68%. C21HI4CIN303. Calculated: C 64.38;H3.60; 
CI 9.05; N 10.72%. 

3-Chloro-2-aminoanthracene. A mixture of 20.6 g (0.08 mole) of 3-chloro-2-aminoanthraquinone, 
480 ml of water, 55 ml of a 40% sodium hydroxide solution, and 55 g of zinc dust was stirred under reflux 
for 9 h, cooled, and filtered. The product was extracted from the solid by treatment with hot dimethylform- 
amide to give 14.6 g (80%) of light-yellow leaflets (from dimethylformamide) with mp 235-235.5 ~ C. Found: 

C1 15.56; N 6.12%. CI4HIoCIN. Calculated: C1 15.62; N 6.16%. 

6,11-Dihydroxy-2-phenylanthra[1,2-d]triazole (X, R =H). This compound was obtained by refluxing 
0.002 mole of quinone IVa in 70 ml of acetic acid with a solution of 5 g of stannous chloride in I0 ml of con- 
centrated hydrochloric acid to give yellow needles (from acetic acid) with mp 272~ (dee.) that gave a red 
coloration in alkaline solutions. Found: C 73.15; H 3.75; N 12.80%. C20HI3N302. Calculated: C 73.38; H 
4.00; N 12.84%. The diacetate was obtained as pale-yellow needles (from acetic acid) with mp 293-294~ 
Found: C 69.98; H 4.14; N 10.37%. C24HITN304. Calculated: C 70.06; H 4.17; N 10.12%. 

4-Amino Derivatives of 2-Arylanthra[l,2-d]triazole-6,11-diones (IX) (Table 4). A mixture of 0.002 
mole of anthraquinonetriazole IV and 15 g of amine was refluxed for 2 h while air was bubbled through the 
mixture.  It was then poured into 5% hydrochlor ic  acid, and the result ing precipi ta te  was removed  by f i l t ra-  
tion and chromatographed on aluminum oxide with e h t i o n  by chloroform. The amino derivative obtained 
was r ec rys t a l l i zed  f rom chlorobenzene or dioxane. The reac t ion  of 4-chloro-2-phenylanthraquinonetr iazole  
XIIa with cyclohexylamine and morpholine under the same conditions gave substances that, according to 
their  melt ing points and IR spect ra ,  were identical to the compounds synthesized f rom 2-phenylanthraquin- 
onetr iazole IVa. In the reac t ion  of quinone IVa with aniline, 0.005 mole of sodium amide was added, the 
mixture was heated, the quinone was added, and the mixture  was refluxed for 2 h. In the experiment  with 
piperidine, which was car r ied  out under argon,  the yield of IXd was 52%, and 43% of the s tar t ing quinone 
was regenerated.  

Measurement  of the Rate of the Reaction of 4-Chloro Derivatives XI and XII with Amines. An equal 
volume of a 1 1V[ solution of morpholine or  piperidine in dimethylformamide or  dioxane was poured into a 
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10 -3 M solution of the 4-ehloro  der ivat ive in the same solvent,  and the increase  with t ime in the optical den- 
s i ty  at the wavelength corresponding to the absorpt ion maximum of the corresponding amino compound was 
measured .  
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